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Abstract. Presented mass evaporation rate hardwood (birch, aspen, maple, poplar) 
derived from experimental studies. The dependence of temperature on evaporation mass 
rate and calculated the accommodation coefficient for the respective temperature ranges 
are obtained. Analyzed the temperature of drying conditions relevant species hardwood.  

1. Introduction

Biomass is a promising material for power system [1]. Perhaps as a direct burning different kinds of 
biofuels and use for the production of biogas and other resources [2]. However, conversion biomass 
conjugate always, regardless of the form of the final product, with the preparation of biomass for 
processing. The main element of this training is drying [3], to carry out energy, which is usually high 
[4]. Therefore, optimization of technology is one of the tasks, without which it is impossible to actual 
use of biomass not only in the energy sector but also in other industries. 

The problem of drying is being developed for many decades [5], but so far, we cannot say that 
developed the general theory that provides the ability to forecast the main characteristics of this 
process in concrete terms. This is largely due to the fact that is not yet developed to a sufficient level 
for practical use of the theoretical foundations of the evaporation of liquids. In most applications used 
in describing the various fluids of the evaporation process a mathematical expression law Hertz-
Knudsen (e.g. [6-8]), which does not always match the actual processes as the removal of moisture 
from the surface and pore structure of water-containing substance or material. For these reasons, a 
pilot study is currently the main tool for studying basic laws of processes remove moisture from 
porous materials, including woody biomass. 

2. Experimental procedure

Experimental studies conducted using a heating chamber into which the container-controlled area of 
evaporation, the mass of which is determined with the help of laboratory scales. Samples placed in a 
vessel timber. The samples of birch, maple, poplar, aspen. Electric contact thermometer, the 
temperature was controlled in the heat chamber. It measures the atmospheric pressure and humidity 
under which conducted the experimental study. The meter is set to "temperature measurement", the 
thermocouple was placed in the sample and included a heat chamber. Upon reaching a temperature 
equal to the temperature in the vessel in the heating chamber, the vessel was removed from the sample 
timber and the weight was measured. The vessel was placed in the biomass heat chamber and the 
experiment was conducted. At the end of a given period of time the vessel was weighed, and the 
amount of evaporated liquid. The experiment was repeated at least 3 times a constant temperature in 
the chamber at a predetermined interval of time. Heating was provided wire heaters placed on the 
heating circuit. 
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In its lower part it is arranged air ducts for supply of cold air. The intensity of the ventilation 
adjusted lower ventilation flap. In the upper part of the working chamber located holes temperature 
measuring device and to reset moisture vapor. The basic quantities characterizing the process of 
evaporation, phase transition was the speed, the surface area of the liquid, which evaporates, and the 
temperature. The first characteristic determined by the surface density of the steam flow supplied per 
unit time in the gas phase with a unit surface of the liquid. Investigations of the mass evaporation rate 
of the samples in the large intervals of time at various temperatures to a reasonable conclusion about 
the steady-state process of evaporation of the liquid in the conditions of experiments performed. 
Selecting objects of research due to the prevalence of most of these species of hardwood in the 
Russian Federation. Calculations accommodation coefficient, which characterizes the number of 
molecules of steam coming off the surface evaporation. ��

3. RESULTS AND DISCUSSION
By analyzing the results (Fig. 1), it can be concluded that the mass evaporation rate of all the samples 
of wood over time does not change. Apparently the transfer of moisture from the interior to the 
surface layers of hardwood in the test temperature range is a stationary process. 

 a)  b) 

 c) d) 

Fig. 1. Dependence of the mass evaporation rate from the time the four types of biomass: a) - 
maple; b) - poplar; c) - birch; d) – aspen  

Here T - temperature heat chamber, t- duration of the experiment, wisp - a massive rate of 
evaporation of the liquid. 

In the next phase of experiments obtained dependence mass evaporation rate of temperature. 
The figure shows the experimental results when heating in the range of 323 K to 403 K at a rate 

depending on the phase transition temperature. Confidence intervals are given characterizing error 
measurements. 
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Fig.2. The dependence of the mass evaporation rate of the samples of wood temperature 

The highest rate of evaporation of liquid from the set of samples of maple and birch. Caloric value 
of these types of timber above (10550 kJ / kg and 9504 kJ / kg) than in aspen and poplar (7578 kJ / kg 
and 7033 kJ / kg), respectively. 

Processing the results of experiments carried out using well-established techniques [9]. For each 
value of the temperature over a given time interval (t = 10 min.) was carried out on five dimensions. 
Depending on the experimental W (T) is designed accommodation coefficient, which depends on the 
nature and state of the surface, as well as the properties of the vapor and the temperature. 

Mass rate of evaporation is calculated from the expression for the accommodation coefficient (the 
law of the Hertz-Knudsen): 
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where W - the mass evaporation rate, kg / (m2 • s); Pn - vapor pressure, Pa; P * - partial pressure of 
the volatile component, calculated at a relative humidity of " = 0,5, Pa; R = 8,31- universal gas 
constant, J / (mol • K); M - molecular weight; T - temperature of the substance, K; A - 
accommodation coefficient. 

Table 1 shows the calculated values of accommodation in the temperature range from 323 K to 
403 K for all studied materials. Experience shows that an increase in temperature of the liquid 
accommodation coefficient for all four types of biomass decreases. By analyzing the physics of the 
process of evaporation, it can be assumed that at the boundary of a phase transition of the porous 
moisture-wood partial pressure of vapor molecules is lower than calculated at the appropriate relative 
humidity and be used in mathematical expression for calculating the coefficient of accommodation. 
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Table 1 is the coefficient of accommodation 

The coefficient of accommodation , A·105

�, # birch maple poplar aspen 

323 0,447 0,419 0,432 0,337 
343 0,332 0,447 0,291 0,275 
363 0,225 0,235 0,221 0,199 
383 0,168 0,157 0,158 0,143 
403 0,119 0,116 0,113 0,099 

4. Conclusion

The results of the experimental studies are the basis for further refinement of the mechanism of 
removing moisture from the porous structure of the water-containing material and the development of 
the general theory of drying. Dependencies mass evaporation rate of the investigated samples of wood 
from the temperature was allowed to determine the coefficient of accommodation in the mathematical 
expression of the law Hertz-Knudsen.  
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